This study was conducted to determine combining ability and gene action in elite maize inbred lines under low and high soil nitrogen conditions for hybrid breeding. Forty two tropical inbred lines (three testers and 39 lines) were crossed using line × tester mating design. The resulting 117 F1 hybrids, along with 4 hybrids used as checks, were evaluated using an 11 × 11 lattice design with two replications for grain yield and yield related traits during the 2012 and 2013 cropping seasons at two sites (Mbalmayo and Nkolbisson). Results revealed predominant additive gene effect under high soil nitrogen (N) conditions. Non-additive gene effect influenced grain yield under low soil and thus could be exploited for hybrid development. Under high N conditions inbred lines CLYN246, J16-1, CLWN201, TL-11-A-1642-5, CLQRCWQ26 and 1368 were good general combiners. Lines CML 343, ATP S6 20-Y-1, CLWN201, 1368, ATP S9 30 Y-1 and CLQRCWQ26 were good general combiners for grain yield under low N. They could be used to develop low N tolerant varieties. Different single cross hybrid combinations were identified for high grain yields under both low and high N conditions. The selected lines and single cross hybrids are a useful source of valuable genetic material for future maize hybrid breeding or direct production under low N.
One effective strategy to reduce fertilizer requirements is to develop maize genotypes with high nitrogen use efficiency and high yield potential. Genotypes with high yield potential are also needed to support the rapidly growing population and may provide incentives to farmers who are trying to make modest increase in nitrogen application in their maize fields.
In maize breeding programs, analysis of general combining ability (GCA) and specific combining ability (SCA) are essential to identify best inbred lines for hybrid development and hybrid combinations with better specific combining ability (Abrha et al., 2013; Girma et al., 2015) . Combining ability is an effective tool which gives useful genetic information for the choice of parents in terms of their performance in series of crosses (Sprague & Tatum, 1942) . The development of inbreds having high combining abilities has a fundamental role in the efficient use of heterosis (Vasal et al., 1992) . Crossing between inbred lines with high specific combining ability can improve tolerance to different stresses and superior hybrids with high yield production under stress condition (Betràn et al., 2003; Vasal et al., 1997) .
Various biometrical approaches are available to assess the breeding value of potential parents and to assess the genetics of the traits of interest. Line × tester analysis (Kempthrone, 1957) is an approach often employed to understand the genetic basis of a given character and combining ability of parents and hybrids (Tamilarasi et al., 2010) . The line × tester analysis has been widely used by plant breeders. It is used to breed both self and cross pollinated plants as well as estimating favourable parents, crosses and their general and specific combining ability (Aly, 2013; Majid et al., 2010) . It is useful in deciding the relative ability of female and male lines to produce desirable hybrid combinations (Kempthrone, 1957) and also provides information on genetic components. It enables breeders to choose appropriate breeding methods for hybrid varieties or cultivar development programmes. This design has been efficiently used for estimating breeding values of maize inbred lines and for determining the gene action that controls quantitatively inherited traits (Sofi & Rather, 2006) such as low N tolerance.
Genetic studies have been conducted on maize genotypes under low N using different sources of genetic material (Badu-Apraku et al., 2013; Betràn et al., 2003; De Souza et al., 2008; Makumbi et al., 2011; Meseka et al., 2006; Meseka et al., 2013; Miti, 2007; Pswarayi & Vivek, 2008) . However, information on gene action conditioning grain yield under low N has been contradictory. The contradictory results obtained by researchers might be due to the N stress level (testing environments) under which the genotypes were tested and/or genotypic differences among sets of genotypes used in the studies (Mosisa, 2008) . Many of these studies were conducted using extra early maturing maize lines. Further studies are therefore necessary in order to examine the genetic effects conditioning grain yield and other traits under both low and high N conditions using lines with intermediate maturity cycle. Moreover, the Cameroonian National Maize Breeding Program, in collaboration with the International Institute of Tropical Agriculture (IITA), has developed maize inbred lines adapted to the different agro-ecological zones of Cameroon and to different stresses such as acid soils, drought and Striga. However, very little work has been done on low soil nitrogen. Futhermore, inbreds from IITA, CIMMYT and some African breeding programs have been introduced and there is need to use the national and these newly introduced maize inbreds in studies for combining ability and heterosis in relation to interesting traits under low soil nitrogen and optimum growing conditions. This study was conducted to identify high yielding hybrids tolerant to low N soils, determine the combining abilities and mode of gene action of intermediate maturing inbred lines for hybrid development under low soil N conditions.
Materials and Methods

Plant Material
Forty-two intermediate to late maturating inbred lines (39 lines and 03 testers) were used in the study. These lines were provided by IRAD Cameroon, IITA and CIMMYT (Table 1) . Thirty-nine inbred lines were crossed with three testers (87036, Exp1 24 and 9071) in a line × tester scheme to obtain 117 hybrid combinations. In addition, 4 hybrids (87036 × Exp1 24, 9071 × Exp1 24, 87036 × 9071 and 88069 × Caminbgp 1 17) were included as checks to make a total of 121 entries. The hybrid 87036 × Exp1 24 is a high yielding hybrid released in Cameroon and adapted to the Humid Forest Zone of Cameroon. Exp1 24 × 9071 is also a high yielding hybrid, developed from a cross between tropical lowland × temperate converted inbreds.
Experimental Sites
The study was conducted at two locations of the Humid Forest Zone with bimodal rainfall, namely Nkolbisson and Mbalmayo. Nkolbisson is located at 11°36′ E and 3°44′ N, 5 km from the main capital city 'Yaoundé'. The altitude is 650 m above sea level (asl). The annual rainfall is 1560 mm with bimodal distribution. The average daily temperature is 23.5 °C. The soil is sandy clay with pH (water) of 4.52, CEC of 4.79 Cmol (+) kg -1 and AL of 0.30 Cmol (+) kg -1 . The main cropping system is maize/groundnut/cassava as sole cropping or mix cropping .
Mbalmayo is located at 11°30′ E and 3°31′ N, 45 km from Yaounde. The altitude is 641 m asl. The mean annual rainfall varies from 1017 to 1990 mm with bimodal distribution. The mean monthly temperature varies from 25 °C to 22 °C. The soil is sandy clay. The agricultural practice is based on shifting cultivation techniques. The main crops are cassava and cocoyam grown as sole or intercropped with groundnut or maize (Tchienkoua, 1996) .
Site Preparation and Soil Analysis
Low N plots were established by soil depletion of available nitrogen. Soil N depletion consisted of planting maize uniformly in the field at a very high density without any fertilizer application for many growing seasons.
Soil samples collected from the two locations before each cropping season were analyzed for selected physical and chemical properties at the soil laboratory of the International Institute of Tropical Agriculture (IITA) Cameroon.
Experimental Design and Management
The 121 F 1 hybrids were evaluated during 2012 and 2013 in three cropping seasons under high N level (100 kg ha -1
) and low N (20 kg ha -1 ). At each N level, the 121 hybrids were arranged in an 11 × 11 lattice design. The experimental unit consisted in a single row of 5 m at Mbalmayo and single 4 m at Nkolbisson. Hybrids were planted in 2 replications. The spacing between rows was 0.75 m and 0.5 m between hills within a row. Three seeds were planted in a hill and thinned after emergence to 2 plants, for a final density of 53,330 plants per hectare.
Split fertilization was done on each plot. On the low N plot, the first application in kg ha -1 consisted of 10 N, 24 P 2 O 5 per hectare and 14 K 2 O per hectare, 10 days after planting, and the second dose consisted of 10 N, applied 30 days after planting. On the high N plot, the first application consisted of a mixture of 35 N, 24 P 2 O 5 and 14 K 2 O per hectare , applied 10 days after planting and the second dose was 65 N per hectare, applied 30 days after planting. The trials were kept clean of weeds throughout the growing cycle by spraying an herbicide with active ingredient 750 g/kg of Atrazine and 40 g/kg of Nicosulfuron at the early stage of maize growth, and later by hand weeding.
Data Recorded
The various characteristics were recorded viz. anthesis date (AD) and silking date (SD) were recorded as 'number of days after planting', when 50% of plants were shedding pollen and silking, respectively. The anthesis-silking interval (ASI) was calculated as silking date minus anthesis date. Leaf chlorophyll content (%) was determined in four randomly selected plants from each experimental unit and two measurements were obtained per plant on the ear leaf, using a portable Minolta chlorophyll meter (SPAD-502, MINOLTA) one week after silking.
Ear leaf area was determined after silking from the leaf immediately below the upper ear on four randomly selected plants in each plot, and was obtained by multiplying maximum leaf width by leaf length by 0.75 (Montgomery, 1911; Giauffret et al., 1997) . Leaf senescence was scored 10 and 12 weeks after planting on a scale from 0 to 10, dividing the percentage of the estimated total leaf area below the ear that is dead by 10. A score of 1 = less than 10% dead leaf and 10 = more than 90% dead leaf. Plant height was measured as the distance from the base of the plant to the height of the first tassel branch.
At harvest, the number of ears per plant was computed as the proportion of total number of ears divided by the number of plants harvested in each experimental unit. Ear aspect was scored on a scale of 1 to 5, where 1 corresponded to clean, uniform, large, and well-filled ears and 5 was the rotten, variable, small, and partially filled ears. At maturity, each row was harvested separately and ear weight was measured for each plot. Grain yield adjusted to 15% grain moisture was calculated in kg ha -1 for every entry from the data of fresh ear weight per plot under high N. On low N plots, grain yield was computed from shelled grain weight.
Statistical Analysis
The data collected were analyzed using general linear model (GLM) procedure in SAS (SAS institute, version 9.2, 2008) . Entry means adjusted for block effects were analyzed according to lattice design (Cochran & Cox, 1960) . Each environment was defined as year × season × site × nitrogen treatment. The analysis of variance (ANOVA) for each environment and the combined ANOVA were computed with PROC GLM procedure in SAS using the RANDOM statement with the TEST option. Environment effects were treated as random effects and genotypes as fixed effects. The effects of environment on all the measured traits were evaluated through different interaction estimates. Line × tester analysis (Kempthrone, 1957) was done for low N environments, high and across environments to partition the mean square due to crosses into lines, testers and line × tester interaction effects for traits that showed significant differences among crosses. This analysis was done with PROC GLM in SAS using a RANDOM statement with the TEST option (SAS 2008). The relative importance of GCA versus SCA on progeny performance was calculated as the ratio between sum of squares due to GCA or SCA and total sum of squares (GCA and SCA sums of squares) (Beck et al., 1990; Pswarayi & Vivek, 2008) .
Results
Analysis of Variance and Hybrid Mean Performance
Across the ten research environments, highly significant differences (p < 0.01) were observed among the hybrids and between environments for all the measured traits. Hybrid × environment interaction was significant for all traits suggesting that the relative performance of a hybrid was not consistent across environments.
Under low N environments, significant differences were observed among the hybrids for all traits. The differences between all low N environments were significant (p < 0.05) for grain yield and ear leaf chlorophyll content and highly significant for days to silking, anthesis-silking interval, leaf area and plant height. Across low N environments, grain yield ranged from 1539.3 kg ha -1 (CML 358 × 9071) to 3770.51 kg ha -1 (TL-11-A-1642-5 × Exp1 24), with a mean of 2721.9 kg ha -1 (Table 2 ). Days to silking ranged from 62.50 to 71.70 with a mean of 66.98 days. Anthesis-silking interval ranged from 1.9 days to 4.9 days with a mean of 3.18 days. Leaf area varied from 404.93 to 626.59 cm 2 with a mean of 525.59 cm 2 . Leaf chlorophyll content varied from 31.50% to 46.22%, with a mean of 40.80% and higher values were observed among the 20 best hybrids. Mean for plant height was 163.46 cm, ranging from 135 cm to 182.92 cm and ear aspect ranged from 2.35 to 4.05 with a mean of 3.05 (Table 2) . Across low N environments, five hybrids yielded more than 3500 kg.ha On the other hand, mean yield varied under high N environments from 3026.5 kg ha -1 for J18-1 × 9071 to 6588.8 kg ha -1 for TL-11-A-1642-5 × 87036, with an overall mean of 4887.18 kg ha -1 (Table 3 ). Days to 50% silking ranged from 61.2 to 60.40 with a mean of 62.4 days. Mean anthesis-silking interval varied from 1.6 to 3.1 days with a mean of 2.26 days (Table 3) . Leaf area ranged from 472.70 cm 2 to 772.06 cm 2 with a mean of 630.63 cm 2 . Chlorophyll concentration varied from 43.02% to 55.90% with a mean of 49.96%. Mean of plant height was 182.27, ranging from 153.23 to 210.07 cm. Mean of ear aspect ranged from 1.85 to 3.50, with a mean of 2.5 (Table 3) ) but these hybrids were not among the 20 best hybrids selected under high N conditions. Line x tester analysis revealed highly significant (p < 0.01) line general combining ability (GCA) mean squares for all traits under low N environments, (Table 4) . Means squares of tester GCA were significantly different for all traits except days to silking and anthesis-silking interval. There were highly significant differences between specific combining ability (SCA) mean squares for all traits except leaf senescence and plant height (Table 4) . More still, the contribution of SCA to the total sum of squares of crosses under low N was higher compared to the contribution of GCA for grain yield, anthesis-silking interval, leaf chlorophyll content and ear aspect, while contribution of SCA was lower than GCA for days to silking, leaf senescence and plant height (Table 4) .
Under high N conditions, line × tester analysis, revealed significant (p < 0.05) line GCA mean squares for anthesis-silking interval and highly significant (p < 0.01) line GCA values for all the other measured traits (Table  5) . Meanwhile, tester GCA mean square was significant for all traits except anthesis-silking interval (Table 5) . SCA mean squares were significant for grain yield, days to silking, leaf area and ear aspect. The contribution of GCA effect to the sum of squares of crosses was higher than the contribution of SCA for all traits except anthesis-silking interval (Table 5) .
General Combining Ability Effects
Six lines had positive, significant GCA effects for grain yield. Table 6 ). The line with the best GCA effects for grain yield was CML 343. The desired line GCA value for days to silking and anthesis-silking was negative, therefore, the best line for GCA for days to silking were V 351-1/6 and CLA 17 with a GCA effect of -3.23 and -2.46, respectively. The same lines V351-1/6 and CLA 17 had the best GCA effects for anthesis-silking interval (-0.81 and -0.58 respectively). The two best combiners for leaf area, with positive significant GCA effects, were CLQRCWQ26 (43.97) and ATP S5 31-Y-2 (35.98). Moreover, the lines with best GCA for plant height were ATP S9 30 Y-1 (9.31) and 5012 (8.10). For ear aspect, three lines had the best GCA of -0.2. These are CLWN 201, CLYN246 and ATP S6 20 Y-2. Two out of the three testers had positive GCA effects for grain yield under low N. These are 87036 (72.19) and Exp1 24 (59.95). The tester 9071 had a negative GCA value (Table 6 ).
For days to silking, only 9071 had negative GCA effect (-0.07) while for anthesis-silking interval, 87036 and Exp1 24 had negative GCA (-0.02 and -0.11, respectively), indicating good general combining ability for this trait under low N. The testers 87036 and Exp1 24 also had positive GCA effects for ear leaf area indicating good combining ability for this trait while 9071 GCA effect was negative. For leaf chlorophyll content, 87036 had the best GCA (0.81) while for leaf senescence EXP1 24 was the tester with best GCA (-0.18). For plant height, the tester 87036 had the best GCA (6.75). The testers 87036 (-0.06) and Exp1 24 (-0.06) both had a good GCA effect for ear aspect (Table 6 ). Under high N conditions, the six best lines with positive, significant GCA effects for grain yield were CLYN246 (982.75), J16-1 (728.75), CLWN201 (720.74), TL-11-A-1642-5 (675.86), CLQRCWQ26 (640.10) and 1368 (546.51) ( Table 6 ).
Specific Combining Ability Effects for Grain Yield
The cross between line ATP S6 20 Y-2 and Exp1 24 had the highest positive SCA effect (679.45) for grain yield under low N environments (Table 6 ). This cross was followed by TL-11A-1642-5 × Exp1 24 (648.39) and CML 494 × 9071 (626.40). The first two crosses, ATP S6 20 Y-2 × Exp1 24 and TL-11-A -1642-5 × Exp1 24, with the best SCA effects, were among the highest yielding hybrids. However, the third best cross CML494 × 9071 and other crosses such as CML358 × Exp1 24, M131 × 9071 were among crosses with highest SCA for yield but they were not among the highest yielding hybrids. Moreover, 1368 × Exp1 24 and ATP S6 20 Y-1 × 87036 had negative SCA (-114,1 and -98 respectively) but yielded more than 3000 kg ha -1 while many other crosses with high positive SCA did not yield up to this level. Under high N environment, the best crosses with the highest positive SCA effects were 4001STR × 9071 (986.82), followed by J18-1 × 87036 with an SCA of 905.58 and TZ-STR-133 × 87036 with 893.04 as SCA (Table 6 ). All these were high yielding hybrids, with two of them (TZ-STR-133 × 87036 and 4001STR × 9071) being among the 20 best yielding under high N conditions. Note. *, **, Significant at 0.05 and 0.01probability levels, respectively, and ns, not significant; DTS = days to 50% silking; ASI = anthesis-silking interval; LAREA = Ear leaf area; CHLORO = leaf chlorophyll content; LSENE = leaf senescence PHT = plant height; EA = ear aspect, YIELD = grain yield. Note. *, **, Significant at 0.05 and 0.01 probability levels, respectively, and ns, not significant; DTS = days to 50% silking; ASI = anthesis-silking interval; LAREA = Ear leaf area; CHLORO = leaf chlorophyll content; PHT = plant height; EA = ear aspect, YIELD = grain yield. Note. *, **, Significant at 0.05 and 0.01probability levels, respectively, and ns, not significant; DTS = days to 50% silking; ASI = anthesis-silking interval; LAREA = Ear leaf area; CHLORO = leaf chlorophyll content; LSENE = leaf senescence PHT = plant height; EA = ear aspect, YIELD = grain yield; GCA = general combining ability; SCA = specific combining ability; SS = sum of squares. Note. *, **, Significant at 0.05 and 0.01 probability levels, respectively, and ns, not significant; DTS = days to 50% silking; ASI = anthesis-silking interval; LAREA = Ear leaf area; CHLORO = leaf chlorophyll content; PHT = plant height; EA = ear aspect, YIELD = grain yield; GCA = general combining ability; SCA = specific combining ability; SS = sum of square. Note. *, **, Significant at 0.05 and 0.01 probability levels, respectively, and ns, not significant; SCA: Specific combining ability.
Discussion
The results of this study revealed that six hybrids yielded more than 3500 kg.ha Vol. 9, No. 4; 2017 232 30 Y-1 × Exp1 24 and CLYN246 × 87036. The best hybrid among the four checks evaluated was 87036 × Exp1 24, and the performance of this hybrid under low N was similar to that obtained (3 t ha -1 ) by The et al. (2013) . Under low N, significant differences were observed among the hybrids for all traits, indicating the variable reaction of the tested genotypes to low N stress. Similar results were obtained by Ifie et al. (2014) under low N. The use of inbred lines from diverse sources of germplasm for generation of the crosses might have contributed to the significant difference observed among crosses for most of the traits considered. Under high N environments, the five highest yielding hybrids were TL-11-A-1642-5 × 87036, CLYN246 × 87036, TZ-STR-133 × 87036, CLWN201 × Exp1 24, and J16-1 × Exp1 24. Each yielded more than 6000 kg ha -1 . Under both low and high N environments, the best yielding hybrids out-yielded the four checks among which is the commercial hybrid (87036 × Exp1 24) for the Humid Forest Zone of Cameroon. These could be candidates for release.
In this study, six hybrids were selected from the 20 best hybrids under both low N, high N and across environments. These included CLYN246 × 87036, CLWN201 × Exp1 24, J16-1 × Exp1 24, 1368 × 87036, ATP S6-20-Y-1 × Exp1 24 and Cam inb gp1 17 × 87036. They appear to be 10% better than the best check. Exp1 24 appears to be an excellent line and could be used as a tester for source populations between TL-11-A-1642-5, ATP S6 20 Y-2, J16-1, and ATP S9 30 Y-1. CLWN201 and CLYN246 could be recombined to form a source population with 87036 as the tester.
Under low N, high N and across environments, the majority of hybrids selected for high grain yield had one CIMMYT line and one line developed by the Cameroon national breeding program as parental lines. This suggests that these introduced lines from CIMMYT and those from IRAD are genetically diverse. This result is in agreement with the statement that the development of adapted high yielding hybrids requires that the varieties used as parents are genetically divergent as highlighted in Acquaah (2007) .
GCA effects are associated with additive gene effect while SCA effects are associated with non-additive gene action. The results obtained under low N showed that mean squares of both GCA and SCA were significant for all traits except leaf senescence and plant height. This suggests that, except for these two traits, all other traits were controlled by both additive and non-additive gene effects. Furthermore, non-additive gene effect was predominant in the control of grain yield, anthesis-silking interval, leaf chlorophyll content and ear aspect while days to silking, leaf senescence and plant height were influenced mainly by additive gene effects. Similar results on grain yield were earlier reported by Betràn et al. (2003) , Gama et al. (2002) , Mosisa et al. (2008) , Makumbi et al. (2011 ), Meseka et al. (2006 , 2013 , and Ndhlela (2012) . However, these results are contradictory to those of Below et al. (1997) , Kling et al. (1997) , Badu-Apraku et al. (2011 , 2013 , Ifie et al. (2014) and Tamilarasi et al. (2010) who reported predominance of additive gene effects compared to non-additive gene effects for grain yield under low N. The contradictory results might be due to the difference in environments (N stress level) under which the genotypes were tested or genotypic differences among sets of genotypes included in the studies as suggested by Mosisa et al. (2008) . This might also be due to the difficulties that statistical models have in predicting non-additive gene effects. The predominance of non-additive genetic effects for grain yield and other traits observed in this set of inbred lines suggests that hybrid development could be employed under low N in order to exploit non-additive gene effect which is based on over dominance and epistasis, being more predictive of heterotic potential.
It was also found that under high N environments, grain yield, days to silking, leaf area and ear aspect were controlled by both additive and non-additive gene effects. Additive gene effect was predominant in the control of all traits except anthesis-silking interval. The higher magnitude of additive gene effects under high N is consistent with the findings of Below et al. (1997) , De Souza et al. (2008) and Makumbi et al. (2011) . The significant GCA x environment interaction for grain yield and other traits indicates that GCA effects associated with the lines and testers were not consistent over environments.
Lines with best GCA for grain yield under low N were CML 343, ATP S6 20-Y1, CLWN201 1368, ATP S9 30 Y-1 and CLQRCWQ26. The good general combining ability under low N of CLWN201 and CLQRCWQ26 from CIMMYT are in agreement with the description given by CIMMYT (2014). CML343, another line from CIMMYT, was also identified by Makumbi et al. (2011) as a good general combiner for grain yield across all environments in a study of combining ability under low N, drought and well-watered environments. Three lines in this study were also the best general combiners under high N conditions; these are CLWN201, 1368 and CLQRCWQ26. Cla 17 was the best general combiner for days to silking under low N and high N conditions, whereas 5012 was best combiner in both environments for plant height. The best combiners for shorter anthesiilking interval were Cla 17 under low N and ATPS6 20 Y-1 under high N environments. A shorter anthesis-silking interval under low N may imply that the varieties are able to synchronise pollen shedding with silk emergence (Ndhlela, 2012) . A reduced anthesis-silking interval is a sign of improved partitioning of assimilates to ears around flowering time (Edmeades et al., 1993) . The best combiners for larger leaf area were CLQRCWQ26 under low N and CML343 under high N environments. A larger leaf area could imply a better interception of light by the plant for photosynthesis. These lines identified as best combiners could be used as parents in a breeding program to improve the respective traits as suggested by Girma et al. (2015) .
Testers 87036 and Exp1 24 are good general combiners compared to 9071 for grain yield and other traits except for days to anthesis and days to silking. This suggests that under low N, 87036 and Exp1 24 are more capable of contributing alleles for improvement of these traits to hybrids.
Conclusions
The results of this study suggest that there is genetic variability among the hybrids evaluated, making it possible to identify desirable hybrids for grain yield and other agronomic traits under low Nitrogen (N) conditions. Many hybrids out-yielded 87036 × Exp1 24 (commercial hybrid used as check) in the study. Among these, three hybrids (CLWN201 × Exp1 24, J16-1 × Exp1 24, and 1368 × 87036) were identified as higher yielding than the best check under low N, high N and across environments and are candidates for release. For specific areas with low N stress or for farmers who cannot afford N fertilizer, TL-11-A-1642-5 × Exp1 24, CLWN201 × 87036 and J16-1 × Exp1 24 may be candidates for release as low N tolerant hybrids. Moreoevr, TL-11-A-1642-5 × 87036, TZ-STR-133 × 87036, CLWN201 × Exp1 24 and J16-1 × Exp1 24 could be proposed for high N conditions after undergoing additional evaluations.
Under low N and high N environments, grain yield and most traits were controlled by both additive and non-additive gene effects with predominance of non-additive gene effect under low N and additive gene effect under high N conditions. Good hybrid development could be achieved under low N through exploitation of this non-additive gene effect, predictive of heterosis. Due to the influence of non-additive gene effect, SCA of crosses could be used together with means for grain yield to classify inbred lines into heterotic groups. In this study, the best general combiners found for grain yield under both low and high N conditions could be used as parents in a breeding program to develop high yielding hybrids for low and high N environments. In each of these environments, the parents identified for good SCA could effectively be included in hybrid breeding programs for the improvement of grain yield.
In conclusion, the better performing testcrosses, inbred lines with desirable GCA and cross combinations with desirable SCA effects for grain yield and other agronomic traits identified under low and/or high N conditions could constitute a source of valuable genetic material for use in future breeding work.
